Abstract-Based on signal measurements carried out in the 5.8 GHz band, which is reserved for unlicensed WiMAX in Brazil, this paper evaluates narrowband and wideband characteristics on the suburban area of Tanguá city in Rio de Janeiro State. Fading statistics, coverage and adjusted prediction model such as Hata-COST 231, SUI and UFPA were used in order to find the model that best fits the measurement data before ultimately determining that the UFPA model proved to be the best one. Temporal dispersion is studied through the delay spread and coherence band calculated from the power delay profiles obtained in the sounded channel.
signal in a suburban area is made. The chosen frequency was 5.765 GHz and the fading statistics and signal dispersion are analyzed. Narrowband and wideband parameters are calculated and the signal coverage and the maximum data transmission rate that can be handled in this environment are obtained.
In Section II, the setup used for sounding the channel and the characteristics of the environment are presented. Section III deals with the narrowband characterization, including the small and large fading statistics, narrowband parameters, path loss and signal coverage to test fitness of three models, Hata-COST 231, SUI and UFPA, available for this frequency band. In Section IV, the wideband characterization and parameters as delay spread and coherence band are determined and the conclusion is given in Section V. Table I presents the devices and equipment used in the sounding. Besides them, a Garmin GPS GPSmap62 and a laptop with Labview  installed are used for picking up the position data and the samples from the NI data acquisition module, respectively. On the transmitter side, Figure 1 , the equipment was placed on the top of a building with coordinates S 22.73619º, W 42.71886º and the antenna was 49 m height. The reception system, Figure 2 , was mounted inside a van, with the Rx antenna on its top. The sounded area was the city of Tanguá, characterized as a suburban one with some vegetation between the residences. Eleven routes were sounded for the narrowband characterization but, in the wideband
II. MEASUREMENT SETUP AND ENVIRONMENT

III. NARROWBAND CHARACTERIZATION
A. Small scale statistics
For searching the narrowband statistics of the channel in the sounded frequency, a 5.765 GHz CW with 3 dBm level was transmitted to the power amplifier (PA) with a 28 dB gain and the signal was radiated. Cable and coupling losses were 15 dB aproximately. In an average speed of 30 km/h, the mobile reception system acquired the signal at a 20 KSPS acquisition rate, saving it for offline processing.
Fading
Sectors of 40 λ [8] length were taken in order to study the small scale variability of the signal.
The mean signal level in each sector was calculated for studying the large scale variability and then, the path loss and the signal coverage were determined in the sounded area. Table II presents the number of sectors taken in the sounded routes and also provides the number of sectors that had the signal level effectively over the noise threshold and named filtered sectors. It is observed that the Route 7 had only one sector with signal level above that while the measured signal was totally below that in the Route 8 and so, this sector was discarded. 1  410  410  2  2347  1509  3  295  295  4  1398  764  5  1674  1047  6  935  270  7  1398  1  8  1012  0  9  1569  503  10  1549  1069  11  2295  1267 Even though a 33 dB gain LNA was used in the reception, the environment noise proved high enough to provide observable sectors on the farthest routes.
In each sector, probability density functions (p.d.f.) as Gauss [9] , Rice [9] , Rayleigh [9] , Nakagami [9] and - [10] were adjusted to the measurements in order to identify the one of best fitting to the environment considered. Figure 5 shows an example for the sector 155 in the Route 1. In it, Rayleigh is visibly the worst fitted p.d.f. and this occurred in the most of the sectors, as it is observed from Table III that provides the number of sectors that adjusted to each p.d.f. cited above. Among the p.d.f.s used, - showed to have the smallest qui-squared error, in general, adjusting better to the small scale fading and it was followed by Gauss. The first has shown a good fitting to the small fading statistics in different channels like that through vegetation [11] in urban park and in land-air links in an aeronautical channel [12] . Rayleigh p.d.f. showed to be the worst fitting and Rice fits well in part of the sectors with high values for the k factor, in general. It is remembered that the Gauss p.d.f. is a limit of the Rice p.d.f. when k factor tends to infinity. 
LCR and AFD
Starting from the statistics, the level cross rate (LCR) and the average fade duration (AFD) were calculated for all the filtered sectors and Figure 6 provides an example that shows these parameters adjusted to the experimental data related to the sector 155 in the Route 1, the same characterized in Figure 5 . It shows that the signal variability is large around the rms value and this is confirmed in most of the sectors. In this example, the normalized LCR is in the range 0.08 to 1, i.e., the envelope crosses the rms value in a range from 12.6 to 162 crossings while the normalized AFD is from 3x10 -4 to 0.2, meaning 1.3 to 90 wavelengths for the average fading, both well fitted to Rice channel for this sector. It is worth observing that the car speed that carried the reception system was 30 km/h in most of routes, except in Route 2 in which it was 70 km/h. B. Large scale statistics
Fading
An experimental probability density function (p.d.f.) was adjusted for the large scale variability of the signal taken as the signal mean in the sectors. Lognormal was the distribution best fitted to it, in all the routes, and Figure 7 shows an example for the Route 1. In Table IV the standard deviation of the distribution is presented, which is an important parameter using further in the SUI coverage prediction model and that varies in the 6.0 to 8.2 dB range [13] . It is observed that Route 7 has only one sector, so a unique mean and no histogram is possible to plot. 
Path loss and coverage
For extracting the path loss from the long term fading, in logarithmic scale of distance as shown in Figure 8 , a straight line was adjusted to it by using the MMSE (Minimum Mean Square Error) method and then, the attenuation factor could be determined for all routes and they are in Table V . It is observed that Route 9 presents the highest attenuation factor (equal to 6) due to the terrain elevation and strong vegetation on that area contributing for the fast decrease of the signal.
For the coverage of the signal, three prediction models were used and they are summarized below.
 Extended Hata-COST231
This model is based on Okumura-Hata model with some changes to extend it until 6 GHz [14]- [15] . The median path loss is calculated as:
A prop = 46.3 + 33.9 log f -13.82log h b + (44.9 -6.55 log
where f is the frequency, in MHz; h b is the transmission antenna height, in m; h m is the receiving antenna height, in m; d is the distance between the Tx (Transmitter) and the Rx (Receiver) and C m is null for suburban area, and 3 dB for urban area.
 SUI
The SUI (Stanford University Interim) model [16] gives the path loss equation and it is based on Erceg model with correction terms for the frequency and the Rx height. The path loss is given by:
A prop_f = 6 log(f MHz / 2000) (6)
The 
where d is the distance Tx-Rx, in meters; f is the frequency, in MHz; K 1 and K 2 are parameters obtained with linear least squares; and K 0 is a correction factor expressed by:
The parameters a and b are adjusted by linear least squares and X is calculated as:
where H 1 and H 2 are, respectively, the Tx and Rx antenna height;  is the wavelength; and H OB is the average obstructions height. In the wideband sounding a 20 MHz OFDM code was generated in Matlab  as it is shown in Figure 10 , and sent to the Vector Signal Generator for further radiation through the sectorial antenna.
Receiving the signal with the Signature High Performance Signal Analyzer together the GPS data in a 50 MSPS rate, I and Q components of the signal and the position of the receiver were saved in files for offline processing. Before starting the GPS (Global Positioning System), its clock was synchronized to the internal clock of the Signature so that the mobile position and the signal amplitude were taken at the same time. As the GPS captures the position in 1 second intervals, it was possible to interpolate position data since the car speed was practically constant. It is important to say that the sounded environment was the same but the number of routes was different due to the smaller dynamic range of the wideband measurements. 
A. Small scale analysis
In wideband analysis the fading is largely seen as the channel behavior along the time and the time dispersion of the signal, which is characterized by the delay spread and the coherence band. Then, in small scale they are calculated for each response in time/delay and time/frequency domain, respectively. From the acquired data and by using the matched filter technique in software, the power delay profiles (PDPs) were calculated by adequate data processing in order to result the time dispersion parameters as mean delay, delay spread and coherence band. However, before this processing, the PDPs were denoised with the WDEN (Wavelet Denoising) technique in order to identify the valid multipath. The symlet8 functions have already proven good application to the PDPs and they were used separately to the real and imaginary parts of the PDPs [17] . Table VII provides the time dispersion parameters obtained in the sounded routes. It is observed that the delay spread is smaller in the Route 3, which presents LOS to the Tx antenna and strong signal, as it is seen in Figure 11 . In more distant routes it varies in the 0.75 -1.38 s range and the vegetation and buildings contribute a lot for the bigger values such as those calculated for Routes 5 and 6. It is observed in Figure 12 (a), for the Route 1, that the relation between the delay spread and the coherence bandwidth is not a constant as has found Rappaport [18] in a particular channel. Then, the transmission rate is variable and with strong predominance until 60 kbps in the Route 1, as it is observed from Figure 12 (b) in which the 90% coherence bandwidth values are plotted for this route. 
B. Large scale analysis
Since the channel stationarity is limited to small scale, when it is desired to determine the parameters for larger areas it is not possible to do directly from the correlation functions of the WSSUS channel [9] . So, when dealing with greater distances, the stationarity can only be guaranteed in pieces through the channel behavior in a small scale and in homogeneous small and adjacent areas.
An analysis that covers each complete route is the calculus of the mean power of the OFDM signal received along the distance and a comparison of this wideband measurement is made with the coverage prediction models in order to test the models fitted to the data in the narrowband characterization of the channel. Table VIII provides the results and it is observed that the fitting error overcomes those obtained in the narrowband analysis, in general, but the SUI and UFPA prediction models keep the best adjustment to the experimental values. The Brazilian Government develops a program known as Digital City which provides free internet access for the population, and they are using the unlicensed band of 5 GHz with WiMAX technology. Therefore, it is important to study the signal coverage on this band to provide channel data to the operators in order to allow them reach a good coverage planning. Besides this, the determination of some wideband parameters is important to choose, for example, the appropriate data transmission rate in this kind of environment.
Brazilian people live majorly in suburban areas for which little, or even none, channel characterization exists. Hence, this work try to fill this lack of information to help planners to do a better project. Thus, starting from measurements on the 5.765 GHz band in Tanguá city, Rio de Janeiro ( a suburban environment), the large scale fading was estimated for several routes and then, the path loss was determined. In the following step, some prediction models, applied to this band, were used in order to predict the signal level in this area. By comparing these values with the experimental ones, among the models used, those that can better predict the signal level in such environment are: UFPA, SUI and, at last, the Extended Hata-COST231 model. The same occurred with the OFDM wideband signal. In the routes where the UFPA model was not the best, it presented an error slightly larger than the SUI model. However, the Extended Hata-COST231 did not fit, in general, leading to larger errors. It is worth to observe that Tanguá city resembles, in many aspects, the city where the measurements for generating the UFPA model were carried out. Then, UFPA model showed to be an appropriate model for predicting the mean signal level in suburban areas with some kind of vegetation.
From the statistical analysis of fading, it is observed that the channel has behaved as - distribution in general, followed by gaussian or ricean with high k factor indicating the tendency to gaussian. The level cross rate (LCR) and average fade duration (AFD) show that the signal variability is large around the rms value and this is confirmed in most of the sectors. This implies that, although the signal has a good level, there is the possibility of deep fading, which can fail the communication, due to the multipath acting not only for enhancing the signal level but also reducing it. Several techniques help to get round this fading. The use of rake receiver is one of them.
The wideband parameters show that delay spread and coherence bandwidth vary, respectively, from 0.34 to 1.38 s and 55.03 to 107.82 kHz, indicating that the transmission rate in this channel is limited to hundreds of kbps and the equalization is necessary for desired larger rates. MIMO (Multiple In Multiple Out) system and appropriate modulation are techniques which can be used to increase this rate.
The extensive data array obtained from the measurements permitted to understand the suburban channel behaviour, typical of those used in the digital cities of Brazil, and to determine the main parameters, providing results that are mainly useful to the planners in order to improve the signal coverage on this kind of environment and the data transmission rate.
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